57% through improved workflow and efficiency. 7 For training purposes, lean principles have been utilized in internal medicine residency programs to engage residents in healthsystem quality improvement initiatives. 12 Adding lean thinking to pharmacy residency training programs can prepare residents to utilize these concepts throughout their future career in health care.
Background
The pharmacy service at the Richard L. Roudebush VA Medical Center in Indianapolis, Indiana, has 6 accredited pharmacy residency programs: a postgraduate year 1 (PGY1) residency (both traditional and nontraditional residents) and postgraduate year 2 (PGY2) programs in health-system pharmacy administration, ambulatory care, internal medicine, hematology/oncology, and ambulatory care/education. Annually, these programs train an average of 16 residents with the assistance of 30 preceptors. The facility serves as a tertiary referral center with more than 200 authorized beds and more than 60 000 veterans enrolled. It is a teaching facility for Indiana University schools of medicine, dentistry, and nursing and for both Butler and Purdue colleges of pharmacy.
The Veterans Affairs (VA) hierarchy of lean training includes 3 "belts." The yellow belt training includes lean basics such as 5S (sort, set-in-order, shine, standardize, and sustain), process mapping, voice of the customer, and plando-study-act (PDSA) cycles. The green belt training builds on yellow belt concepts and focuses on facilitating process improvement teams. Black belt training focuses on outcomes analysis and transformational planning for change. Yellow belt training is required for all pharmacy residents at the facility, with green belt training offered as an optional activity to PGY2 residents who have already completed yellow belt training. The facility's standard improvement process for lean utilizes a 9-box A3 ( Figure 1 ). Box 1 is the "Reasons for Action" where the problem and scope are defined. Box 2 is the "Initial State" where the current process is mapped out as it is known today. Box 3 is the "Target State" where the ideal future process is mapped. Box 4 includes the "Gap Analysis" or the barriers that exist when moving from Box 2 to 3. Boxes 5 and 6 include the "Solution Approach" and "Rapid Experiments," where the effects of various actions are hypothesized and a few PDSA cycles are tested for sustainability and spread. Boxes 7 and 8 include the "Completion Plan" and "Confirmed State," the latter of which includes the metrics and how success will be measured. Finally, Box 9, "Insights," is an opportunity to review what went well and did not go well throughout the project.
As the pharmacy service planned to train more of its staff, the pharmacy residents were considered an important component. The Residency Advisory Council (RAC) believed that training residents in a proven process improvement technique would not only benefit the service during their tenure but also produce pharmacists who would have problem-solving skills that could be applied to any health care organization.
Yellow belt training was initially incorporated into the residency programs in 2012. The goal was to utilize the lean process to review and improve residency-related and/or pharmacy service issues. The purpose of this yellow belt project was to utilize lean techniques in the modification of our PGY1 Health-System Pharmacy Administration learning experience to incorporate the newly revised 2014 American Society of Health-System Pharmacists (ASHP) PGY1 residency standards, to enhance the overall rotation, and to prevent preceptor burnout due to the expansion of the PGY1 class from 5 to 9 residents.
Methods
A process improvement team consisting of 6 PGY1 and 5 PGY2 residents was given the project aim statement by the lean facilitator (Box 1 of the A3 template). For this project, the aim statement was "to incorporate the new PGY1 residency goals and objectives into the pharmacy administration learning experience, to find opportunities to enhance the residents' appreciation for leadership and management, and to utilize a collaborative precepting model." The team originally met for 4 hours, where Boxes 1 through 7 were completed.
Traditionally, Box 2 of the A3 would be a process map where one step builds upon another. For this project, the lean facilitator listed the 6 different mechanisms currently being used by our program to address the previous ASHP Residency Standards for management and leadership (Outcome R3: Exercise leadership and practice management skills). 13 These mechanisms included chief and assistant chief of pharmacy meetings, discussions with the medication safety program manager, pharmacy practice management and leadership seminars, committee involvement, research projects and drug information experiences, and staff development. The team was then asked to identify specific topic discussions or activities currently in place to meet Outcome R3 (Table 1) . To complete Box 2 (the initial state), the lean facilitator then asked the team to determine whether the current activities would match the new PGY1 standards for the management and leadership objectives. 14, 15 The new ASHP objectives were matched to each activity meeting the intent of the standard.
After the initial state (Box 2) was mapped, the team focused on Box 3, the target state. The goal for this project was to provide a management and leadership learning experience that would meet the intent of the ASHP standards, enhance the residents' appreciation for leadership and management within the VA and the private sector, and give the resident the opportunity to collaborate with all members of the pharmacy administration team (chief of pharmacy, assistant chief of pharmacy, pharmacy procurement staff, clinical coordinator, medication safety program manager, and operations managers in both the inpatient and outpatient pharmacies). To complete Box 4, the Gap Analysis, the facilitator asked participants to reflect on their experiences and create a list of the associated challenges or barriers that were occurring. The gaps identified in Box 4 between the initial and target states are listed in Table 2 . Overall, these gaps created occasional disengagement by both residents and staff. An example of this disengagement was identified upon review of the pharmacy practice management and leadership (PPM&L) seminar activity. This seminar is a required monthly meeting the department implemented in which an invited speaker would come and talk to the residents about various administrative topics not being addressed during the course of their usual rotations. Speakers could be from inside or outside the organization. Topics included, but were not limited to, writing business plans, patient assistance programs, comparing the VA with private sector institutions, work-life balance, and stress management. One of the barriers identified for the PPM&L activity included residents being unable to attend due to competing patient care demands. In addition, a voice of the customer analysis indicated that there was a lack of interest in some of the selected topics.
After all gaps and barriers were identified, it was time for the solution approach, Box 5. The residents hypothesized that the establishment of a core list of topic discussions would increase knowledge and provide more uniform exposure to various management and leadership topics, regardless of when the resident had the health-system pharmacy administration rotation throughout the year. In addition, they believed the implementation of collaborative precepting would maximize their learning experience with accessibility to a variety of leadership styles and levels of practice experience. Finally, the residents felt committee involvement and taking ownership of departmental projects would allow them to improve their individual leadership skills.
The next step was Boxes 6 and 7, Rapid Experiments and the Completion Plan. Table 3 shows the "just do its" (JDIs) and PDSA cycles that the residents brainstormed to address the identified problems and achieve the ideal future state. The residents could take action on the JDIs immediately while the PDSAs required additional planning and evaluation before implementation. Each task listed was assigned an owner and a target completion date, the "who, what, and by when" of the desired plan. Residents were reminded that the overall plan should be something that is manageable in the amount of time targeted. The ownership of these tasks was determined and delegated by all members of this yellow belt team. For example, the chief resident, who represents the residents on the RAC, agreed to present the desired changes for the longitudinal research project experience. The 3 PGY1s who had upcoming administration rotations agreed to own the PDSA cycle related to collaborative precepting among all pharmacy administrative staff. Their task was to pilot the administration learning experience with the inclusion of multiple preceptors from the department as compared with a single preceptor, the chief of pharmacy. Members of the yellow belt team worked on their action plans, and the lean facilitator continued to monitor their progress through monthly meetings for the next 4 months.
Results
Of the 10 action items listed on the completion plan, the residents did an excellent job of successfully accomplishing 80% of them in 2015 (Table 3 ). The first of these included educating residents and preceptors on the importance of leadership activities. It was reiterated by the RAC that PPM&L attendance was required. This was then clearly communicated to all residents, preceptors, and pharmacy supervisors by the residency program directors (RPDs). Second, a core list of topics was created by the residents for the administration learning experience. Topics from this list were then assigned among the pharmacy administration preceptors to pilot collaborative precepting to expose residents to several educators and to decrease preceptor burnout. Next, the residents made a schedule for PPM&L topics and confirmed speakers for the remainder of the year. Another action item was utilization of a resident huddle board for communicating and tracking process improvement ideas concerning the residency program. Next, a tip sheet was developed by the residents to assist future residents with navigating the Investigational Review Board (IRB) process. To establish a standard process for identifying and assigning resident research projects, project proposal and closeout documents were created. Finally, annual yellow belt training for the residents was moved from December to August.
There were 2 action items within the completion plan that were started by the residents, but not completed during the year (Table 3 ). The first was revising the staff development program. The residents did make some advancements on this action item, as they developed an ongoing list of educational topics for the residents to present to the staff. This list of topic ideas was not communicated to the clinical coordinator, RPDs, or to residents who were preparing their staff development presentations. In addition, a system for vetting topics and a plan for increasing supervisor support and interest for staff attendance at these sessions was not developed. This action plan was then assigned to the 2015-2016 residents who piloted a more spontaneous staff development program, providing topics needed by the department, and utilizing various educational techniques instead of giving programs at a predetermined schedule or with a required format. This pilot program was adopted as the new staff development program and is still in existence today.
The second action item that remained to be completed involved increasing the residents' roles in the PGY1 interview process. For the several years prior, PGY1 residents had attended the candidate interview breakfasts and lunches and assisted with individual interviews and hospital tours. During the yellow belt project, the residents indicated a desire to be more involved with the application review process and to participate in telephone screening interviews to understand the tools the department has developed to select the strongest candidates within the applicant pool. A failure to communicate the ideas to the RAC or RPDs resulted in an incomplete action item. These ideas were eventually brought forth to the RAC and RPDs and were implemented in January 2017.
Progress on the revisions of the management and leadership experience was measured in Box 8, the Confirmed State, by conducting a crosswalk between the PGY1 standards and the new rotation activities to ensure the goals and objectives were met for both required and elective competencies within the new standard (Tables 4 and 5). 14,15 A voice of the customer analysis was also conducted to obtain feedback from the 2015-2016 PGY1 residents. An electronic word document survey was distributed asking residents to indicate either full, partial, or no understanding of 39 different core topics included in the administration learning experience description (Table 6 ). Residents were also asked to indicate how they learned about the topic (either on the administration rotation or through other meetings occurring throughout the year) and by what methods (discussions, readings, etc). Four of the 6 PGY1 residents completed the survey. For 10 of the topics (25.6%), several residents indicated "no understanding." These 10 topics included how performance requirements are formulated, evaluated, communicated, and acted upon; formulary making bodies; techniques for forecasting and monitoring budgets; contract negotiating bodies and principles of contract adherence; process for handling backorders; procurement of specialty drugs; developing a residency program; pharmacy organization memberships; compliance with controlled substance regulations; and prescription drug monitoring programs. "No opportunity for exposure" was selected by some residents for the following 9 topics: workload and productivity monitoring, scheduling and approving leave requests, utilization of automation and contract personnel, adding a drug to the drug file, techniques for forecasting and monitoring budgets, contract negotiating bodies and principles of contract adherence, automated dispensing systems, pharmacy organization memberships, and compliance with controlled substance regulations. On 24 (61.5%) of the topics, all 4 residents documented full or partial understanding. As a result of the survey, a documentation sheet with a checklist of topics is now distributed to residents at the start of each administration rotation to facilitate resident and preceptor discussion on these 39 core topic areas throughout the learning experience.
Discussion
Utilizing lean process improvement techniques within pharmacy residency programs can be beneficial for both the resident, and the program and site. For this yellow belt project of modifying the health-system pharmacy administration learning experience, residents learned how to use a proven process improvement method for solving an identified problem within the workplace. As the residents had a vested interest in the outcome of the project, they were thoroughly engaged throughout. The process instilled a new sense of ownership in the residency program, as each resident was involved in working on portions of the completion plan. Finally, the experience allowed for self-reflection, consideration of each other's roles, and the realization of how their actions and involvement truly can improve the residency program and pharmacy service. From a programmatic standpoint, engaging residents in lean process improvement techniques can facilitate enhancements to residency programs and ensure compliance with ASHP standards. In addition, utilizing the residents can facilitate the completion of projects that advance the department toward the realization of its strategic plan. Having participation from all members of the pharmacy team permits more creativity and innovation for change. For these reasons, the organization continues to incorporate lean training and completion of a project with each residency class. As successful as lean techniques can be, there are limitations. Resistance may occur and sustainability is not always guaranteed. [16] [17] [18] There are several factors that can enhance sustainability. Perhaps the most critical factor is communication. Regular and consistent feedback should be provided to all of those involved. In some situations, this will mean daily interactions. During the lean process described, the residents had 2 portions of their project that lacked effective and timely communication, and as a result, those areas were not completed on schedule based on the initial completion plan. In addition, the residents had one area within Box 2, the Initial State, that was not addressed in the completion plan, and this was committee involvement. During the lean process, residents realized the importance of exposure to multiple committees in a health-system versus long-term exposure to only 1 committee. The residency program is currently designed to allow PGY1 residents to participate with their monthly preceptors on numerous committees, to enable them to see how each group integrates with each other and the health-system overall. In addition, patient care demands on various learning experiences may preclude full participation in a single longitudinal committee assignment. Therefore, after discussion, the residents decided not to pursue changes to this format. Besides communication, another factor that can enhance sustainability includes driving change from the "bottom up" versus the "top down." If individuals doing the work are involved in driving the change, there will likely be greater support over time, and this was clearly displayed during this yellow belt project based on the level of engagement among the residency class and an 80% action item completion rate. Finally, the lean process is often more successful if new procedures or methods are implemented in small incremental changes and if the entire team is held accountable for performance metrics.
Conclusion
Lean techniques were effectively utilized within a residency program to enhance the health-system pharmacy administration learning experience and maintain compliance with ASHP standards. Successful implementation of lean requires engagement of multiple individuals within the health-system, timely communication of the new processes, frequent reassessments, and appropriate accountability. 
